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© Complementary bipolar transistors compatible with CMOS process. 


© A complementary bipolar process enables both 
PNP and NPN transistors to be added to a CMOS 
process with a minimum of extra fabrication steps. 
The P-well (80, 82) of a CMOS process is used for 
the collector region of the PNP transistor and the 
"down isolation" for the NPN transistor. A buned P 


diffusion (64, 66) provides "up" isolation for the NPN 
transistor and buried collector for the PNP transistor. 
A method for increasing the NPN buried collector to 
"up" isolation breakdown voltage is described which 
uses multiple N type impurities. 
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COMPLEMENTARY BIPOLAR TRANSISTORS 


BACKGROUND OF THE INVENTION 
Raid of the Invention 

This invention relates to semiconductor de- 5 
vices, and more particularly to apparatus and meth- 
od for manufacturing complementary bipolar tran- 
sistor structures. 

Description of the Related Art 70 

Conventional bipolar integrated circuit pro- 
cesses are typically based around the production 
of an NPN bipolar transistor structure such as that 
depicted in FIG. 1. In FIG. 1. a P-type substrate 10 is 
has a N-type buried layer 12 in its upper surface. 
An N- epitaxial layer 14 is grown over substrate 10 
and buried layer 12. P+ well regions 16 and 18 set 
in the upper surface of epitaxial layer 14 are used 
to create spaced-apart P- vertical isolation regions 20 
by downward diffusion when the device is heated. 
An N+ emitter region 24, a P+ base 26, and an 
N+ collector region 28 are created in the upper 
surface of epitaxial layer 14 using conventional 
techniques. Metal contacts 30, 32 and 34 are ere- 25 
ated for emitter 24, base 26, and collector 28 
respectively. A negative voltage is applied to metal 
contact 36 to create a negative potential in vertical 
isolation regions 22 and 20, and substrate 10. An 
oxide layer 38 is then formed over the entire de- 30 
vice, and thereafter a protective insulating layer 40 
is formed. 

Although the conventional fabrication technique 
used to manufacture the NPN transistor depicted in 
FIG. 1 has also been used to manufacture a lateral 35 
PNP bipolar transistor on the same wafer, the per- 
formance of the PNP transistor so made is poor 
compared to that of the NPN transistor. 

Several processes have been developed to 
produce a high quality PNP bipolar transistor and 40 
NPN bipolar transistor on the same wafer wherein 
the PNP transistor is created using a sequence of 
process steps similar to that used in fabricating the 
NPN transistor. One prior art approach is depicted 
in FIG. 2. In FIG. 2, the NPN transistor's compo- 45 
nents have been given the same numerical labels 
as corresponding components in FIG. 1 since they 
have similar functions. 

Regarding the PNP transistor shown on the 
left-hand side of FIG. 2. an N well region 42 is so 
created to isolate the P+ tub isolation region 44 
from substrate 10. N- epitaxial layer 14 is then 
grown over substrate 10, well 42, and P+ isolation 
region 44. 

Next. P+ well regions 46 and 48 are set in the 


COMPATIBLE WITH CMOS PROCESS 


upper surface of epitaxial layer 14. When the de- 
vice is heated, dopant ions from well regions 46 
and 48 downwardly diffuse and meet with upwardly 
diffused ions from P+ tub isolation region 44 to 
create P- down isolation region 50. P+ well region 
48 also serves as the collector for the PNP transis- 
tor. 

The P+ emitter 52 and N+ base 54 are set in 
the upper surface of epitaxial layer 14 using a 
conventional technique such as ion implantation. 
Emitter contact 56, base contact 58, and collector 
contact 60 are deposited" through windows in oxide 
layer 38 so that they contact emitter 52, base 54, 
and collector 48 respectively. The protective insula- 
tion layer 40 is then formed over the entire device. 

Although the complementary bipolar transistor 
structure depicted in FIG. 2 achieves acceptable 
results, it requires four extra mask steps than are 
required over a standard bipolar process such as 
that depicted in FIG. 1. 

The desirability of producing low-power digital 
circuitry to be used in conjunction with high perfor- 
mance analog circuitry has led to the incorporation 
of Bipolar transistors and Complementary Metal 
Oxide Semi-conductor (CMOS) devices on the 
same wafer. In general, these "BiCMOS" fabrica- 
tion techniques enable only one type of bipolar 
transistor to be fabricated on the same wafer as the 
CMOS device due to the complexity of adding both 
NPN and PNP bipolar transistors to an already 
complicated CMOS process, and due to the rela- 
tively large number of extra mask steps required to 
fabricate such a fully complementary BiCMOS de- 
vice. 

SUMMARY OF THE INVENTION 

It is a feature and advantage of the present 
invention to provide a technique for manufacturing 
complementary bipolar transistors using a CMOS 
compatible process. 

tt is another feature and advantage of the 
present invention to provide a technique for manu- 
facturing high performance complementary bipolar 
transistors using a minimum number of masking 
steps. 

It is yet another feature and advantage of the 
present invention to provide a technique for 
fabricating low power digital circuitry and high per- 
formance analog circuitry on the same wafer using 
the same processing steps. 

These and other features and advantages are 
accomplished in a technique for fabricating fully 
complementary bipolar transistors using a CMOS 
process and diffusion isolation. 
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In accordance with the present invention, com- 
plementary bipolar transistors are fabricated using 
the following technique. Initially, first and second 
tub isolation regions are created that extend into 
the upper surface of a substrate. The substrate is 
doped to a first polarity, and the first and second 
tub isolation regions are doped to second polanty. 
A buried layer doped to the first polarity is formed 
in the upper surface of the second isolation region. 
The buried layer is preferably doped with at least 
two types of dopant ions having different rates of 
diffusion. An epitaxial layer doped to the first polar- 
ity is then formed over the substrate, the first and 
second tub isolation regions, and the buried layer. 

A first well region is then formed in the upper 
surface of the epitaxial layer and above the first tub 
isolation region. This well region is used to isolate 
one of the bipolar transistors. Also, second and 
third spaced-apart well regions are formed in the 
upper surface of the epitaxial layer above flie sec- 
ond tub isolation region. The second and third well 
regions are used to isolate the second bipolar 
transistor. 

The entire device is then heated to diffuse 
dopant ions from the first, second and third well 
regions downwardly, and from the first and second 
isolation tubs upwardly, into the epitaxial layer. 
During this diffusion step, upwardly diffused dopant 
ions from the first tub isolation region meet down- 
wardly diffusing dopant ions from the first well 
region to create a down isolation region, and down- 
wardly diffusing dopant ions from the second and 
third well regions meet upwardly diffusing dopant 
ions from the second tub region to create spaced- 
apart vertical isolation regions which isolate the 
second transistor. The emitter, base, and collector 
regions for the respective transistors, along with 
their corresponding metal contacts, are created us- 
ing a conventional technique such as implantation. 
A metal contact is also created for one of the 
vertical isolation regions so that a negative potential 
may be applied thereto. A positive potential is 
applied to the substrate. 

During the above-described thermal diffusion 
step, dopant ions from the buried layer diffuse in 
lateral, downward and upward directions. This diffu- 
sion causes a graded region of the second polanty 
to form between the buried layer and the second 
tub isolation region. At the same time, dopants 
from the buried layer which have a faster rate of 
diffusion diffuse upward to counter-dope the portion 
of the second tub isolation region being formed 
above the buried layer. This counter-doping pre- 
vents the buried layer from being insulated from 
the epitaxial layer. In a preferred embodiment, the 
two type of dopant ions used to dope the buned 
layer are arsenic and phosphorous. 

These and other features and advantages of 


the present invention will be apparent to those 
skilled in the art from the following detailed de- 
scription of a preferred embodiment and the draw- 
ings, in which: 
5 DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a prior art NPN 
bipolar transistor. 
,o FIG. 2 is a sectional view of a pnor art com- 
plementary bipolar transistor structure. 

FIG 3 is a sectional view of the starting sub- 
strate for the complementary bipolar transistor 
structure formed in accordance with the invention, 
75 with doped first and second tub isolation- regions 
set in the substrate. 

FIG 4 is a sectional view of the structure of 
FIG 3 at a later stage of fabrication, in which a 
buried layer has been formed over the second tub 
20 isolation region. 

FIG. 5 is a sectional view of the structure ot 
FIG 4 at a later stage in the fabrication process, in 
which an epitaxial layer has been formed over the 
substrate, the buried layer, and the first and sec- 
25 ond tub isolation regions. 

FIG. 6 is a sectional view of the structure of 
FIG. 5 at a later stage in the fabrication process, in 
which three well regions have been formed in the 
upper surface of the epitaxial layer. 
30 FIG. 7 is a sectional view of the structure of 
Fig 6 at a later stage in the fabrication process, in 
which isolation regions have been driven in dunng 
a common thermal diffusion step. 

FIG 8 is a sectional view of the structure of 
35 FIG 7 at a later stage in the fabrication process 
depicting the preferred embodiment of the inven- 
tion. 

DETAILED DESCRIPTION OF TjjE INVENTION 

40 FIGs 3 through 8 are sectional views in 
chronological order of the device during stages in 
the fabrication process. FIG. 8 is the resulting com- 
plementary bipolar transistor structure. In FIGs. 3 
46 through 8. components having corresponding func- 
tions have been assigned the same numerical des- 
ignations. . 

Fig 3 depicts an initial step in the fabncabon 
process. In FIG. 3, an N<100> silicon substrate 62 
so has first and second P tub isolation regions 64 and 
66 respectively formed in its upper surface. The 
use of an N-type substrate enables the present 
invention to be manufactured using a CMOS pro- 
cess, since CMOS processes typically use an N- 
55 type substrate. The prior art devices depicted in 
FIGs 1 and 2 use P-type substrates. Although a 
<100> orientation is preferable for N substrate 62, 
other orientations may be used. 
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First and second tub isolation regions 64 and 
66 respectively are preferably formed by growing 
an oxide layer (not shown) on the substrate and 
using a conventional masking step to define re- 
gions 64 and 66 for implantation. As more clearly s 
described below, first tub isolation region 64 acts 
as the buried layer for the resulting PNP trans.stor, 
whereas second tub isolation region 66 is used to 
isolate the NPN transistor from the N-type sub- 
strate 62. P-tub regions 64 and 66 are first im- io 
planted or chemically deposited with an initial dop- 
ant concentration at the surface on the order of 
10 1S - 10 17 boron ions per cubic centimeter. 

In the next fabrication step depicted in FIG. 4. 
an N-type buried layer 68 is -created for the NPN is 
transistor in the upper surface of second tub isola- 
tion region 66. Buried layer 68 is created using a 
conventional masking step and by implanting at 
least two types of N-type dopant ions into buned 
layer 68 having different rates of diffusion, such as 20 
arsenic or antimony and phosphorous. 

The concentrations and types of N dopants are 
important aspects of the present invention. Regard- 
ing the concentration, if a heavy N-type concentra- 
Hon is used, premature breakdown between buned 25 
layer 68 and second tub isolation region 66 will 
occur Conversely, if too light an N-type concentra- 
tion is used the lateral impedance of the buned 
layer will be too high to produce a reasonably low 
value of NPN collector resistance. 

The choice of dopants for buried layer 68 is 
also important. If phosphorous alone is used in the 
normal concentration, upward diffusion of the phos- 
phorous during the subsequent thermal diffusion 
isolation step discussed below will result in a very a 
low collector-base breakdown voltage. If arsenic or 
antimony alone is used as the N-type dopant, the P 
dopant ions from region 66 will diffuse right 
through buried layer 68 during the thermal isolation 
diffusion step, causing buried layer 68 to be totally 4 
insulated from the collector of the NPN transistor. 
That is. a P-film would be formed above the N-type 
buried layer 68. The presence of the P-film may 
cause a very high collector resistance or even 
base-to-isolation shorts in the NPN transistor. 

The above problems are solved by the present 
invention, in which two types of dopant ions are 
used in buried layer 68. In a preferred embodi- 
ment arsenic or antimony ions are implanted at a 
relatively high initial heavy dose, on the order of 
10« - 10 19 ions per cubic centimeter. At the same 
time, phosphorous ions are implanted at a rela- 
tively light initial concentration, on the order of 
5x10 15 - 5x10 16 ions per cubic centimeter. Some of 
the advantages of using two types of dopant ions 
such as arsenic or antimony and phosphorous are 
that the lateral buried layer impedance is low, a 
high collector-base breakdown voltage is achieved 


on the order of 50-70 volts or greater, the P-film 
problem discussed above is eliminated, and a 
graded P-type isolation region is created as the 
boundary between buried layer 68 and second tub 
isolation region 66. as more fully discussed below 
in connection with FIG. 7. 

FIG 5 depicts the next major fabncaton step, 
in which an N epitaxial region 70 is grown over the 
entire wafer, namely substrate 62. first and second 
tub isolation regions 64 and 66. and buried layer 
68. The thickness of the epitaxial layer is chosen 
depending upon the particular desired applicator,, 
but typically varies from about 7-15 microns. The 
resistivity of epitaxial layer 70 is also chosen de- 
pending upon the desired -application; ~but is gen- - 
erally in the range 1-5 ohm centimeters. 

in the next stage of fabrication, depicted in 
FIG 6. a mask step is used to define P- well 
regions 72. 76 and 78 in the upper surface of 
epitaxial layer 70. First P- well region 72 is located 
above first tub isolation region 64; second and third 
well regions 76 and 78 are located above second 
tub isolation region 66. As discussed below, the 
well regions are used to isolate the NPN transistors 
during the drive-in diffusion isolation step. First well 
region 72 also serves as the collector region for the 
PNP transistor. . 

The dopant concentration in P- well regions 72, 
76 and 78 is much lighter than in conventional 
o bipolar-type isolation diffusions. In the present in- 
vention, this dopant concentration is on the order of 
10 16 ions per cubic centimeter, whereas in conven- 
tional bipolar isolation diffusions the dopant con- 
centration is on the order of 10"-10" ions per 
J5 cubic centimeter. A conventional bipolar process 
requires a separate step to define the isolation 
regions that isolate each transistor from surround- 
ing devices and to form the collector of PNP tran- 
sistors. In the present invention, a common drffu- 
40 sion isolates the NPN transistors and forms the 
collector regions of the PNP Transistors. The con- 
centration of this diffusion can be made the same 
as the P- well in a CMOS process, enabling com- 
plementary bipolar transistors to be fabricated si- 
45 multaneously with standard CMOS devices. 

The device is then heated for about 10 hours at 
about 1100' - 1200' C to create or drive-in the 
isolation regions, as shown in FIG. 7. During this 
thermal diffusion isolation step, dopant ions from 
so first well region 72 diffuse downward, while dopant 
ions from first tub isolation region 64 diffuse up- 
ward. The result is the creation of a P- well isola- 
tion region 80 that forms the collector region of the 
PNP transistor. . 
5S Also during this drive-in step, dopant ions from 
second well region 76 diffuse downward while at 
the same time dopant ions from second tub isola- 
tion region 66 diffuse upward. The downwardly and 
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upwardly diffusing dopant ions meet to create a 
vertical P- well isolation region 82. Snarly down- 
wardly diffusing ions from well reg.on 78 meet 
upwardly diffusing dopant ions «™ **™ c ' ** 
isolation region 66 to create a 
well isolation region 84. The space^apart verbcal 
isolation regions 82 and 84 are used to isolate the 
NPN bipolar transistor from other devices. 

Also during the thermal drive-in step, the dop- 
ant ions in buried layer 68 diffuse downwardly -nd fo 
lateral ,y from buried layer 68 to parta. ly punter- 
dope the nearby portions of second tub solaton 
region 66. This diffusion and counter-doping cre- 
ates a graded P-type isolation reg.on 86 at a 
boundary between buried layer 68 and second tub » 
SoTregion 66. Graded region » PJ^te. 
suitable high breakdown voltage for buned layer 

68 ' The dopant ions in buried layer 68 having the 
higher rate of diffusion also diffuse upward during » 
the same therma! drive-in step to counter-dope ^the 
portion of second tub isolation region 66 that would 
oTerwise lie above buried layer 68. Thus . the 
silicon above buried layer 68 is converted to N 
t^pe. thereby avoiding the P-f.lm problem d.s- 2s 

CUS R d eTis a sectional view of the preferred 
embodiment of the complementary bipolar transis- 
tor structure according to the present invention. 

connection with FIG. 7, conventional ****** 
ion implantation techniques are used to create an 
N base 90 and a P+ emitter 88 for the PNP 
transistor. Similarly, conventional techniques are 
used to form an N + emitter 92. P + base 94. N + 3. 
collector 96. P + region 97 which serves as a 
Tuard ring, and P + region 98 which enables cor, 
Lt to be made to P- weli isolation regions 82 and 
84. An oxide layer 99 having W r °P"^J^° W * 4 
for metal contacts is then deposrted over the entire a 
structure. Conventional deposition or sputtering 
techniques are used to create metal emrtter contact 
5 for emitter 88. metal base contact 102 for base 
90. metal collector contact 104 for collect^ell 
region 74. metal emitter contact 106 for emitter^ 
rStal base contact 108 for base ,94 
contact 110 for collector 96. and metal contact 112 
which is an electrical contact for well region m A 
means (not shown) for applying a negate , potent* 
to well region 78 via contact 112 keeps the NP 
junction diode negatively biased to prevent : any 
significant current flow as done in convent.on* 
bipolar processes. Also, a source of ^ve^ppty 
potential applies a positive potential to substrate 62 
to insure that the PNP transistor is self-isolating^ As 
a final step, a protective Insulation layer 114 ^ is 
deposited over the entire structure to protect the 
device from environmental elements. The preferred 


embodiment uses the CMOS P channel draW 
source diffusion as the PNP emitter matenal, and 
the CMOS N channel drain/source diffusion as the 
NPN emitter material, thus saving two fabricator, 
steps. Further savings can be made by using P 
guaVd ring material, sometimes used on high vott- 
age CMOS processes, as the base reg.on of the 
NPN transistor. 

Although a particular preferred embodiment 
has been shown and described, it will be apparent 
to those skilled in the art that numerous modifica- 
tions and alternate embodiments may be created 
and still be within the spirit and scope of the 
Mention. Accordingly, it is intended that the .nven- 
tion be limited only by- the following -claims. - - 


Claims 

1 a bipolar transistor structure, comprising: 
' a semiconductor substrate (62) doped to a first 

conductivity; . t „ 

a tub isolation region (66) extending into the 
upper surface of said substrate (62) and doped 
to a second conductivity opposite to said first 
conductivity; 

a buried layer (68) extending into the upper 
surface of said tub isolation region (66) and 
having at least two types of dopants of said 
first conductivity, one of said dopants i having a 
greater rate of thermal diffusion than the other 
an eprtaxial layer (70) grown over said sub- 
strate (62) said tub isolation reg.on (66) and 
said buried layer (68) and doped to said first 

(70) and doped to said second conductivrty, 

Remitter region (92) set in said base region 
(94) and doped to said first conductivrty; and 
a collector region (96. 70) set in said ep.tax.al 
layer (70) and doped to said first conductvrty. 

2. The bipolar transistor structure of claim 1. fur- 
ther comprising: 

a vertical isolation region (82. 84) set m «d 
epitaxial layer in electrical contact with sa.d tub 
isolation region (66) and doped to said second 
conductivity. 

™ 3. The bipolar transistor structure of claim 1, 
wnereTn said at least two types of dopants are 
arsenic or antimony and phosphorous .ons, 
with an initial concentration of arsenic or an- 
timony dopant ions is on the order of about 
10« - 10" ions per cubic centimeter, and an 
initial concentration of phosphorous dopant 
ions on the order of about 5x10« - 5x10* .ons 
per cubic centimeter. 


EP 0 439 899 A2 


The bipolar transistor structure of claim 1, fur- 
ther comprising: 

a graded isolation region (86) located between 
said tub isolation region (66) and said buried 
layer (68). said graded isolation region (86) 5 
having a graded doping of said first conductiv- 
ity. 

A complementary bipolar transistor structure, 
comprising: 

an N-type semiconductor substrate (62); 

a PNP bipolar transistor structure, including: 

a first P tub isolation region (64) extending into 

the upper surface of said substrate; 

an N-type epitaxial layer (70) grown over said ts 

substrate (62) and said first P tub isolation 

L^peoillector region (80) set in the epitax- 
ial layer (70); 

an N-type base region (90) set in the P-type 20 
collector region (80); and 
a P-type emitter region (88) set in the N-type 
base region (90); and 

an NPN bipolar transistor structure, including: 
a second P tub isolation region (66) extending a 
into the upper surface of said substrate (62); 
an N-type buried layer (68) extending into the 
upper surface of said second P tub isolation 
region (66); 

an N-type epitaxial layer (70) grown over said 3 
substrate (62) and said second P-tube isolation 

LTtypfbase region (84) set in said epitaxial 
layer (70); and 

an N-type collector region (96, 70) set in said : 
epitaxial layer (70); and 

an N-type emitter region (92) set in said base 
region (84). 

6. A method of forming complementary PNP and 
NPN bipolar transistors simultaneously with 
complementary P-channel and N-channel met- 
al oxide semiconductor (CMOS) transistors on 
a common substrate (62) with an N-type epi- 
taxial layer (70), comprising: 
forming a P-well for an N-channel MOS tran- 
sistor and a collector well (80) for a PNP 
bipolar transistor layer by a common diffusion 
of P-type dopant into the epitaxial layer (70), 
forming a base (88) and emitter (90) within 
said collector well (80) for the PNP bipolar 
transistor, a base (94), emitter (92) and collec- 
tor (96) within said epitaxial layer (70) for the 
NPN bipolar transistor, a source and drain 
within said P-well for the N-channel MOS tran- 
sistor, and a source and drain within said epi- 
taxial layer (70) for the P-channel MOS transis- 
tor. 


7 The method of claim 6, wherein a P-type isola- 
tion barrier (82. 84) is formed in the epitaxial 
layer (70) around the NPN bipolar transistor in 
a diffusion of P-type dopant which is common 
with said P-well and collector well (80) diffu- 
sion. 

8. The method of claim 6, wherein the source 
and drain of the P-channel MOS transistor and 
the emitter (88) of the PNP bipolar transistor 
are formed by a common diffusion of P-type 
dopant. 

9. The method of claim 6, wherein the source 
and drain of the N-channel • MOS transistor and - 
the emitter (92) of the NPN bipolar transistor 
are formed by a common diffusion of N-type 
dopant. 

10. The method of claim 9, wherein a guard ring 
for the N-channel MOS transistor and the base 
(94) of the NPN bipolar transistor are formed 
by a common diffusion of P-type dopant, and 
the emitter (92) of the NPN bipolar transistor is 
formed within the base (94) of that transistor. 
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